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© Process for producing unsaturated group-terminated high-molecular weight polyalkylene oxide. 

© A process for producing an unsaturated group-terminated high-molecular weight polyalkylene oxide by 
adding an alkali metal and/or an alkali metal compound capable of producing an alkali metal hydroxide on 
reaction with water to a hydroxy ^terminated polyalkylene oxide having a repeating unit re presented by formula 
-Ri-O- (wherein R' represents a divalent alkylene group having from 2 to 8 carbon atoms) to substitute the 
hydrogen atom of the hydroxyl end group with an alkali metal (alkoxidation) the resulting poly alky tene ox.de ,s 
reacted with a polyhalogen compound to increase the molecular weight of the polyalkylene ox.de and then 
additional alkali metal and/or alkali metal compound is added before reacting the resulting high-motecular we.ght 
polyalkylene oxide with an unsaturated halogen compound to introduce an unsaturated group to the molecular 
chain terminals. The first addition of alkali metal and/or alkali metal compound capable of producing an alkal. 
metal hydroxide on reacting with water is added in an amount equivalent to or less than the hydroxyl end groups 
of said polyalkylene oxide and second addition of alkali metal and/or alkali metal compound .s added in an 
amount equivalent to or greater than the remaining hydroxyl end groups. 
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PROCESS FOR PRODUCING UNSATURATED GROUP-TERMINATED HIGH-MOLECULAR WEIGHT POLYAL- 

KYLENE OXIDE 



This invention relates to a process for producing an unsaturated group-terminated high-molecular 
weight polyalkyiene oxide. 

A polyalkyiene oxide having an unsaturated end group is useful as a crosslinking agent or a modifier in 
vinyl polymerization. 

s The reaction between an unsaturated group-terminated polyalkyiene oxide and a hydrosilane having a 

hydrolyzable group produces a polymer having a crosslinking silicon end group which is useful as a 
moisture-curing polymer as disclosed in JP-A-52-73998 (the term "JP-A" as used herein means an 
"unexamined published Japanese patent application"). 

The polyalkyiene oxides are, in most cases, required to have a high molecular weight of from about 

to 5,000 to 20,000. However, such a high-molecular weight polyalkyiene oxide is not readily available on the 
market 

JP-A-53-1 34095 discloses a process for producing an unsaturated group-terminated high-molecular 
weight polyalkyiene oxide, in which a hydroxy l-terminated polyalkyiene oxide having a relatively low 
molecular weight is used as a starting material, which comprises converting the hydroxy) end group to an 
75 alkoxide group in the presence of an alkali metal hydroxide (alkoxidation). Thereafter a plurality of the 
polyalkyiene oxide molecules are connected to one another by using a poly halogen compound to increase 
the molecular weight of the starting polyalkyiene oxide (1st step), and then the hydroxyl end groups are 
converted to unsaturated groups by using an unsaturated halogen compound. This process is illustrated by 
the following reaction scheme: 

20 

NaOH 

25 

CH 2 Ci 2 

> MO-^^^/OCH 2 -v^^^OM 

M (1st Step) (wherein M is H or Na) 



CH 2 CHCH 2 C1 

> CH 2 =CHCH 2 0 ^x^-— OCH 2 CH>CH 2 

35 (2nd Step) 



This reference additionally discloses a process in which an alkali metai or an alkali metal compound, 
capable of producing an alkali metal hydroxide on reaction with water, such as an alkaJi metal hydride and 
an a 1 kali metal alkoxide, (hereinafter an alkali metal and an alkali metal compound will be inclusively 
referred to as an alkoxidizing agent) can be used in place of the alkali metal hydroxide to alkoxidize the 
hydroxyl end group. Because such alkoxidizing agents have a higher activity than an alkali metal hydroxide, 
an about equivalent amount of the alkoxidizing agent can be used to conduct the reaction so that 
purification of the product is easy. However, when the reaction scheme shown above is followed using 
alkoxidizing agents, the increase in molecular weight and the ability to introduce an unsaturated bond to the 
product produced in the first step are insufficient, which highligths the fact that the reaction conditions must 
be strictly controlled before a desired reaction can proceed. 

An object of this invention is to provide a process for producing an unsaturated group-terminated high- 
molecular weight polyalkyiene oxide by using an alkoxidizing agent which makes purification of the product 
easy. 

Another object of this invention is to provide a process for producing an unsaturated group-terminated 
high-molecular weight polyalkyiene oxide in which the increase in molecular weight the introduction of an 
unsaturated group proceeds easily and sufficiently. 
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The above objects have been achieved by the surprising finding of a process which comprises adding 
an alkali metal and/or an alkali metal compound capable of producing an alkali metal hydroxide on reacting 
with water to a hydroxyl-terminated polyalkylene oxide comprising a repeating unit represented by formula 
-FV-O- (wherein FV represents a divalent alkylene group having from 2 to 8 carbon atoms) to substitute the 

5 hydrogen atom of the hydroxyl end group with an alkali metal (alkoxidation), reacting the resulting 
polyalkylene oxide with a polyhalogen compound to increase the molecular weight of the po yalky ene ox.de 
(hereinafter referred to as a 1st step), and reacting the resulting high-molecular weight polyalkylene oxide 
with an unsaturated halogen compound to introduce an unsaturated group to the molecular chain terminals 
(hereinafter referred to as a 2nd step), wherein said alkali metal and/or alkali metal compound capable of 

to producing an alkali metal hydroxide on reaction with water is added before the 1st step .n an amount 
equivalent to or less than the number of hydroxyl end groups of said polyalkylene oxide and then before the 
2nd step additional alkali metal and/or alkali metal compounds are added to the reaction m.xture in an 
amount equivalent to or greater than the remaining hydroxyl end groups. 

The process of the present invention is characterized in that alkoxidation of the hydroxyl end groups of 

rs the starting polyalkylene oxide with an alkoxidizing agent is carried out in two divided stages, once before 
the 1st step (increase of molecular weight) and then before the 2nd step (introduction of an unsaturated 
qroup), to different degrees. 

The reason why the alkoxidation reaction realizes progresses so easily to produce h.gh of molecular 
weiqht products with introduced unsaturated groups can be accounted for as follows: 

2 n In the process of JP-A-53-1 34095, alkoxidation is effected only once by using a nearly equivalent 
amount of an alkoxidizing agent, e.g. an alkali metal and a highly active alkali metal compound before £e 
1st step as described in the working examples. According to this process, if water is .ncorporated into the 
reaction system during or after the reaction progress in the 1st step, the alkoxide group is converted back 
to a hydroxyl group so that the subsequent 2nd step hardly proceeds. To avoid such an occurrence, the 

25 reaction system should be strictly controlled in an amount of the alkoxidizing agent and completely free 

^TrtheTTf'the alkoxidizing agent is used in excess in the alkoxidation reaction before the 1st step in an 
attempt to facilitate progress of the 2nd step, undesired side reactions occur. For example the reaction 
illustrated below would take place during the 1st step, resulting in the failure to increase the molecular 
30 weight of the starting polyalkylene oxide: 

CH 3 ONa 

HO -^.^^ OH > Na*O e 



35 




CH CJ2 

I L* Na e O G -xy^v^-^OCH 2 CJe - > Na e 0 0 -^^^-OCH 2 OCH 3 



40 In the process according to the present invention, such disadvantages are eliminated, and an .ncrease 
in molecular weight and the introduction of an unsaturated group proceed quite easily. 

The starting polyalkylene oxide to be used in the present invention is a polymer essentially comprising 
a repeating unit represented by formula -FV-O- (wherein R 1 represents a divalent alkylene Qroup having 
from 2 to 8 carbon atoms) and having a hydroxyl group at the terminal(s) thereof. Su.table polyalkylene 
45 oxides are those wherein R 1 has from 2 to 4 carbon atoms. 

A part of the hydrogen atoms of the alkylene group R 1 may be substituted with other atom or atomic 
qroup. The polyalkylene oxide may be comprised of only the above-described repeating unit <-R -O-) or 
may further contain other repeating units. In the latter case, the proportion of the repeating unit of formula 
-R'-O- is at least 50% by weight, and preferably at least 80% by weight The polyalkylene ox.de may be 
50 either linear or branched. Linear polyalkylene oxides are frequently used. 

The starting polyalkylene oxide should be terminated by a hydroxyl group, but all the end groups may 
not be hydroxyl groups, and part of them may be other groups, e.g.. a methoxy group and an al yloxy 
group. A necessary minimum number of hydroxyl groups per polymer molecule is 1.1. preferably 1.5, in 

55 The starting polyalkylene oxide mostly has a degree of polymerization of about 100. 

Specific examples of suitable starting polyalkylene oxides include polyoxyalkylene polyols. e.g.. 
polyoxyethylene glycol, polyoxyethylene triol, polyoxyethylene tetraot, polyoxypropylene glycol, polyox- 
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ypropylene triol, polyoxypropylene telraol, polyoxybutylene glycol, polyoxytetram ethylene glycol, polyox- 
ypentane glycol, potyoxyhexane glycol, polyoxy heptane glycol, and polyoxyoctane glycol. These polymers 
may be used either individually or in combinations of two or more. 

The alkoxidizing agent which can be used to convert the hydroxy! end groups of the polyalkylene 
5 oxides to alkoxide groups include alkali metals, e.g., Na and K; and alkali metal compounds capable of 
producing an alkali metal hydroxide on reaction with water. Such alkali metal compounds include alkali 
metal hydrides, e.g., NaH and KH, and alkali metal alkoxides, e.g., CH 3 ONa, CH 2 0K, C 2 HsONa, and 
CaHsOK. The preferred compound is an alkali metal alkoxide because it can be used in the form of a 
solution and evolves no combustible gas such as hydrogen. Solvents which can be used for dissolving alkali 
70 metal alkoxides include alcohols, e.g., methanol and ethanol. 

In the first alkoxidation reaction which is conducted before the 1 st step, the alkoxidizing agent is used in 
an amount equivalent to or less than the hydroxy I groups in the starting polyalkylene oxide, preferably of 
from 80 to 100 %eq. When the reaction system contains water and the like, the alkoxidizing agent is also 
consumed by reaction with water. This being the case, the alkoxidizing agent should be added in an 
75 increased amount accordingly. 

What is important is that the alkoxidizing agent should not be present in excess in the reaction system 
before the 1st step. As a matter of course, only a slight excess of the alkoxidizing agent may remain in the 
reaction system to be subjected to the 1st step as long as the objects of the present invention are fulfilled. 

Reaction conditions of alkoxidation are not particularly limited, and conventional conditions of tempera- 
20 ture and pressure can be used. When an alkali metal alkoxide is used as, the alkoxidizing agent, the 
reaction is preferably carried out at a high temperature of 50 "C or more, preferably between 100"C and 
200* C, under reduced pressure of not more than 67 hPa, preferably not more than 13 hPa, in order to drive 
alcohol, a by-product of the reaction, out of the system. 

Specific examples of suitable polyhalogen compounds which can be used in the 1st step (to increase 
25 the molecular weight of the starting polyalkylene oxides) are methylene chloride, chloroform, carbon 
tetrachloride, methylene bromide, methylene iodide,monochloromonobromomethane,1 t 1-dichloro-2,2- 
dimethytpropane, benzat chloride, benzal bromide. bis(chloromethyl)benzene, bis(bromomethyl)benzene, 
tris{chioromethyl)benzene, 4,4 -bis(chloromethyl)biphenyl, and bis(chloromethyI)naphtha!ene. These poly- 
halogen compounds may be used either individually or in combinations of two or more. Preferred 
30 polyhalogen are dihalogen alkyiene compounds, e.g., methylene chloride and methylene bromide. 

The reaction of the 1st step can be carried out at a temperature of from 0" to 200 " C under normal or 
reduced pressure without any particularly limits on reaction conditions. Through the 1st step, the relatively 
low molecular weight of the starting polyalkylene oxide (about 500 to 5,000) is increased to about 1 ,000 to 
20,000. 

35 In the second alkoxidation reaction which is conducted before the 2nd step, the amount of the 
alkoxidizing agent to be added is at least equivalent to the hydroxy! end groups of the high-molecular 
weight polyalkylene oxide obtained in the 1st step. However, too large an excess results in an increase of 
by-products in the following steps, which will complicate purification. In general, the alkoxidizing agent is 
preferably added in such an amount that the alkoxidizing agent may be present in the reaction system after 

40 completion of alkoxidation of the hydroxy I end groups in 5 to 50 %eq. excess to the alkoxide end groups. 

The unsaturated halogen compound which can be used in the 2nd step preferably includes organic 
halogen compounds having a vinyl group, a highly reactive unsaturated group, and represented by the 
formula CH2 =CH-R 2 -X wherein R 2 represents a divalent organic group; and X represents a halogen atom). 
Specific examples of such an unsaturated halogen compound are allyl chloride, ally! bromide, vinyl- 

45 (chloromethyl)benzene, allyl(chloromethyl)benzene, allyl(bromomethyl)benzene, allyl chloromethyl ether, 
allyl(chloromethoxy)benzene, 1-butenyl chloromethyl ether, 1-hexenyl(chloromethoxy)benzene, and allyloxy- 
(chtoromethyl)benzene. These unsaturated halogen compounds may be used either individually or in 
combinations of two or more. 

The reaction of the 2nd step can be carried out under the same conditions as in the 1st step without 

so any particular limits on reaction conditions. 

Upon completion of the 2nd step, there is obtained an unsaturated group-terminated high-molecular 
weight polyalkylene oxide. Thereafter, the product can be isolated through conventional purification 
procedures. 

By the process of the present invention, there can be easily produced an unsaturated group-terminated 
55 high-molecular weight polyalkylene oxide having a molecular weight of, e.g., from about 5,000 to 20,000 and 
containing unsaturated end groups in an amount of, e.g., 90 mol% or more. 

The present invention is now illustrated in greater detail with reference to the following Examples, but it 
should be understood that the present invention is not construed as being limited thereto. All the percents 
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are by weight unless otherwise indicated. 



to 



75 



20 



25 



30 



EXAMPLE 1 

In a 1 I -volume pressure vessel equipped with a stirrer in which the atmosphere had been displaced 
with nitrogen was charged 320 g (0.10 mol) of polyoxypropyiene glycol having an average molecular weight 
of 3 200 and containing hydroxyl end groups in a proportion of 89% based on the total end groups (the 
remaining end groups were unsaturated groups, e.g., an isopropenyl group). Subsequently, 30.9 g of a 28% 
solution of sodium methoxide in methanol (sodium methoxide content: 8.66 g, 0.16 mol) was added thereto 
(1st alkoxidation). The temperature was raised to 130'C. and the vessel was evacuated for 2 hours. When 
the inner pressure was reduced to 1.3 hPa. 5.1 g (0.06 mot) of dichloromethane was added thereto to 
conduct a reaction at 1 30 * C for 4 hours (1 st step). 

The reaction system having been subjected to the first alkoxidation before the 1st step reaction was 
analyzed by infrared spectrophotometry to determine the intensity of the absorption spectrum assigned to a 
hydroxyl group which appears in the vicinity of 3500 cm" 1 . It was proved, as a result, that 90% of the 
hydroxyl groups contained in the starting polyoxypropyiene glycol had been converted to methoxide 

9r ° U Then 10 3 g of a 28% solution of 2.89 g (0.054 mol) of sodium methoxide in methanol was added to 
the reaction system, and the vessel was evacuated at 130'C for 1 hour (second alkoxidation). When the 
inner pressure was reduced to 1.3 hPa. 8.0 g (0.105 mo!) of allyl chloride was added thereto to conduct a 
reaction at 130* C for 2 hours (2nd step). The reaction system after the second alkoxidation before the 2nd 
step was found to contain 0.03 mol of sodium methoxide. 

After completion of the 2nd step reaction, the reaction product was diluted with 1000 g of n-hexane, and 
50 q of aluminum silicate was added to the solution. The mixture was stirred for 1 hour and filtered. The 
filtrate was evaporated to remove the volatile content to obtain 300 g of a polypropylene ox.de polymer 
having an average molecular weight of 8000. The end groups of the resulting polymer were found to 
comprise 98% of an unsaturated group and 2% of a hydroxyl group. 

EXAMPLES 2 TO 5 



35 



An unsaturated group-terminated high-molecular weight polyalkylene oxide was produced in the same 
manner as in Example 1. except that various alkoxidizing agents, polyhalogen compounds and unsaturated 
halogen compounds were used, and the reactions were conducted under various conditions as shown in 
Table 1 . The results obtained are shown in the Table 1 . 
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EXAMPLES 6 TO 9 



An unsaturated group-terminated high-molecular weight polyalkylene ox.de was produced ,n the same 
manner as in Example 1, except that the starting polyoxypropylene glycol was replaced w,th each of the 
po^oxya^ylene polymers shown in Table 2 below and the reactions were conducted under the condrt.ons 



to shown in the Table. 
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COMPARATIVE EXAMPLE 



An unsaturated group-terminated high -molecular weight polyoxyalkylene was produced in the same 
manner as in Example t, except that alkoxidation was carried out only once prior to complet.cn of the 1st 
step (molecular weight increase) by using sodium methoxide in an amount equivalent to a hydroxy! group of 
the starting poly oxy propylene glycol, followed by the molecular weight increase reaction and then the 
reaction for introducing of the unsaturated end group. The resulting polymer had a low content of an 

unsaturated end group. . 

While the invention has been described in detail and with reference to spectfic embodiments thereof, rt 
will be apparent to one skilled in the art that various changes and modifications can be made there.n without 
departing from the spirit and scope thereof. 



Claims 



1 A process for producing an unsaturated group-terminated high-molecular weight polyalkylene ox.de 
comprising: (a) adding an alkali metal and/or an alkali metal compound capable of produc.ng an alkali meta 
hydroxide on reaction with water to a hydroxyMerminated polyalkylene oxide comprising a repeating unit 
represented by formula -FV-0-. wherein R 1 represents a divalent alkylene group having from 2 to 8 carbon 
atoms, to replace the hydrogen atom of the hydroxy! end group with an alkali metal (b) reacting the 
resulting polyalkylene oxide with a polyhalogen compound to increase the molecular weight of the 
polyalkylene oxide, <c> adding an alkali metal and/or an alkali metai compound, capable of produc.ng an 
alkali metal hydroxide on reaction with water, to the polyalkylene oxide of increased melecular weight, and 
(d) reacting the polyalkylene oxide of increased melecular weight with an unsaturated halogen compound to 
introduce an unsaturated group to the molecular chain terminals wherein said alkali metal land or alkal, metal 
compound capable of producing an alkali metal hydroxide on reaction with water is added before step (b) m 
Z amount equivalent to or less than the hydroxyl end groups of said polyalkylene ox.de and then added 
before step (d) in an amount equivalent to or more than the remaining hydroxyl end groups. 

2 A process as claimed in Claim 1, wherein said hydroxy l-terminated polyalkylene oxide is at least one 
hydroxy-terminated polyalkylene oxide selected from the group consisting of polyoxyettylene glycol, 
polyoxyethylene triol, pel yoxy ethylene tetraol. polyoxypropylene glycol, polyoxypropylene tnol, pol- 
ypropylene tetraol and polyoxybutylene glycol. 

3 A process as claimed in Claim 1 or 2. wherein said alkali metai is sodium and/or potassium. 

4 A process as claimed in Claim 1 or 2. wherein said alkali metal compound is an alkali meta hydride. 

5 A process as claimed in Claim 1 or 2. wherein said alkali metal compound is an alkali metal alkox.de. 

I A process as claimed in Claim 5. wherein said alkali metal alkoxide is an alkali metal alkox.de dissolved 

7. A process as claimed in any one of Claim 1 to 6, wherein said polyhalogen compound is a dihalogen 

^^ro^^cWmed in any of Claim 1 to 7, wherein said unsaturated compound is an organic halogen 
compound represented by formula: 
CH 2 = CH-R 2 -X 

wherein R 2 represents a divalent organic group; and X represents a halogen atom. 

9 A process as claimed in Claim 8, wherein said unsaturated halogen compound is an ally! hal.de. 
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© A process for producing an unsaturated group- 
terminated high-molecular weight polyalkylene oxide 
by adding an alkali metal and/or an alkali metal 
compound capable of producing an alkali metai hy- 
droxide on reaction with water to a hydroxy Rermi- 
nated polyalkylene oxide having a repeating unit 
represented by formula -R 1 -0- (wherein R 1 repre- 
sents a divalent alkylene group having from 2 to 8 
carbon atoms) to substitute the hydrogen atom of 
the hydroxy! end group with an alkali metal 
(alkoxidation) the resulting polyalkylene oxide is 
reacted with a polyhalogen compound to increase 
the molecular weight of the polyalkylene oxide and 
then additional alkali metal and/or alkali metal com- 
pound is added before reacting the resulting high- 
molecular weight polyalkylene oxide with an unsatu- 
rated halogen compound to introduce an unsaturated 
group to the molecular chain terminals. The first 
addition of alkali metal and/or alkali metal compound 
capable of producing an alkali metal hydroxide on 



reacting with water is added in an amount equivalent 
to or less than the hydroxyl end groups of said 
polyalkylene oxide and second addition of alkali met- 
al and/or alkali metal compound is added in an 
amount equivalent to or greater than the remaining 
hydroxyl end groups. 
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